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MOLECULAR BIOLOGY 
Analysis of Restriction Fragment Length Polymorphisms of the 
Major Histocompatibility Complex of 1515-B-Congenic Chicken Linesl 
SUSAN 1. LAMONT2 
Department of Animal Science 
BRADLEY M. GBRNDT and C. M. W ARNBR3 
Department of Biochemistry and Biophysics, Iowa State University, Ames, Iowa 50011 
LARRY D. BACON 
USDA, Agricultural Research Service, Regional Poultry Research Laboratory, 
East Lansing, Michigan 48823 
(Received for publication September 1, 1989) 
ABSTRACT Bight 1515 B-congenic White Leghorn chicken lines, containing haplotypes B2, Bs, Bl2, Bl3, 
B15,B19, andB21, were subjected tomoleculargenotypingwithchickenB-F (Class l)andB-L (Class m major 
histocompatibility complex (MHC) probes. Genomic DNA was digested with restriction enzymes, hybridized 
with a Class I or Class n probe, and analyzed for restriction fragment length polymorphisms. Digestion with 
Hindill or EcoRI yielded no B-L polymotphisms. Digestion with Pvull or Bgm and hybridization with a B-L 
or B-F probe produced polymotphisms that were shared between several haplotypes, although the baplotypes 
with similar patterns were clustered differently between Class I and Class n probes. The genetic variation seen 
forB-LandB-FprobehybridizationofPvulldigestswasmuchlessthau:thatpreviouslydemonstratedforB-G 
probing of PvuiT digests of the same lines. Description of MHC Class I and n restriction patterns of the well-
characterized 15I5 B-congenic lines will aid in identification of genes important in disease resistance. 
(Key words: major histocompatibility complex, restriction fragment length polym01phisms, B-congenic lines, 
chickens) 
INTRODUCITON 
The B complex in chickens was first 
described by Briles et al. (1950) as a blood 
group system and was later demonstrated to be 
correlated with skin graft rejection (Schiennan 
and Nordskog, 1961), confirming its identity 
as the chicken major histocompatibility com-
plex (MHC). The B complex consists of three 
subregions designated B-L, B-F, and B-G 
(Crone and Simonsen, 1987). The B-L and B-F 
subregions correspond to the mammalian Class 
ll and Class I genes, respectively, but no 
mammalian homolog of the B-G (Class IV) 
subregion is known. The chicken B complex is 
of major importance in determining genetic 
resistance to a variety of diseases, including 
1Journal Paper Number J-13452 of the Iowa Agriculture 
and Home Economics Experiment Station, Ames, Iowa; 
Proj_ect Numbers 2576 and 2237. 
uro whom correspondence should be addressed. 
3Present address: Department of Biology, Northeastern 
University, Boston, MA 02115. 
1990 Poultry Science 69:1195-1203 
those of viral, bacterial, parasitic, and autoim-
mune origin (reviewed in Bacon, 1987). The 
chromosomal segment containing the B-F and 
B-L subregions is thought to contain the genes 
responsible for the immune response effects 
associated with the chicken MHC haplotypes. 
One important tool in the genetic analysis 
of the chicken MHC is the use of B-congenic 
lines (IWa, 1987). These lines differ from each 
other in only a small chromosomal segment 
containing one or a few genes or perhaps the 
microchromosome bearing the MHC. Inbred 
Line RPRL 1515 served as the background line 
for development of eight B-congenic lines of 
chickens (Bacon et al., 1987). Several of the 
haplotype donor lines were previously used as 
the type-populations in standardizing the B 
system serology nomenclature (Briles et al., 
1982). This well-characterized series of B-
congenic lines was the source of the genetic 
material analyzed in the present study. 
The 1515 B-congenic lines, as well as most 
other B-characterized lines, have been defined 
on the basis of hemagglutinating alloantisera 
that contain unknown proportions of B-G and 
1195 
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1196 LAMONT EI' AL. 
B-F antibodies (Briles and Briles, 1982). 
Because the primary genetic control of im-
munological functions resides in the B-FIB-L 
subregions and recombinants have been re-
ported between the B-G and the B-F/B-L 
subregions (HaJ.a et al., 1981; Briles et al., 
1982), it is important to have a method of 
evaluating the B-F and B-L subregions that is 
independent of B-G. Recent application of 
molecular genetic techniques to analysis of the 
chicken B complex has enabled the cloning of 
B-G (Goto et al., 1988), B-F (Guillemot et al., 
1988; Skjoedt et al., 1988), and B-L genes 
(Kivela et al., 1987; Bourlet et al., 1988; Xu et 
al., 1989). The availability of specific chicken 
DNA probes for subregions of the B complex 
facilitates the genetic analysis of B complex 
variation at the DNA level by examination of 
restriction fragment length polymorphisms 
(RFLP) (Lamont et al., 1987; HMa et al., 
1988; Miller et al., 1988; Chausse et al., 1989; 
Pitcovski et al., 1989; Warner et al., 1989). 
The objectives of the present study were: 1) 
to further describe the 15Is B-congenic chicken 
lines by RFLP analysis with MHC Class I (B-
F) and Class II (B-L) probes, 2) to generate 
MHC restriction patterns for several of the 
reference haplotypes for the B complex, and 3) 
to compare restriction patterns generated by 
Class I and Class II probes. 
MATERIALS AND METIIODS 
Animals 
Chickens from eight B-congenic lines, devel-
oped and maintained at the USDA Regional 
Poultry Research Laboratory (RPRL), were used 
(fable 1). The origin of these lines has been 
described (Cole, 1968; Stone, 1975; Bacon and 
Motta, 1982; Shen et al., 1984). Line 15Is was 
used as the background line because chickens 
within this line are nearly histocompatible, are 
highly susceptible to Marek's disease (MD) and 
subgroups A and B avian leukosis virus, and are 
progressors of Rous' sarcoma virus tumors. 
Lines that served as donors of MHC haplotypes 
were selected as ones in which the responses to 
oncogenic viruses were known, and the haplo-
types were chosen to be ones that are widely 
distributed in White Leghorn chickens. The 15Is 
B-congenic lines have been evaluated for many 
aspects of immune response and disease resis-
tance during at least 10 generations of back-
crossing and after the establishment of homozy-
,..; 
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MOLECULAR TYPING OF MAJOR lllSTOCOMPATIBILITY COMPLEX 1197 
gous lines. The lines have been studied for 
hematocrits, hemolytic complement levels, BW, 
total leukocyte and differential blood cell types, 
immunoglobulin M and G levels (Shen et al., 
1984), developmental antigens (Qureshi et al., 
1986b), phagocytic function of peritoneal mac-
rophages (Qureshi et al., 1986a), RSV tumor 
regression (Bacon and Crittenden, 1984), lym-
phoid leukosis (Bacon et al., 1984), coccidiosis 
(Lillehoj et al., 1989), MD resistance (Bacon, 
1987), and antibody responses to sheep red 
blood cells, Brucella abortus antigen, and 
infectious bursal disease virus vaccine (Bacon et 
al., 1987). 
Deoxyribonucleic Acid Isolation 
Approximately 1 mL of blood was collected 
at the RPRL from three chickens per line and 
was shipped to Iowa State University (ISU) in 
Alsevers solution (.55% wt/vol citric acid, 
20.5% glucose, 4.2% Naa, 8% sodium citrate, 
pH 6.1). High molecular weight DNA (>50 
kilobases) was isolated from erythrocytes (by a 
modification of an unpublished procedure).4 
Samples were centrifuged and .4 mL of packed 
red blood cells was removed and placed into 10 
mL of Alsevers solution, washed one time, and 
then washed with 10 mL ofTris saline (10 mM 
Tris-Ha, pH 7.0; 100 mM NaCl). The pellets 
were resuspended in 2 mL of DNA buffer (1 0 
mM Tris-HO, pH 8.0; 10 mM EDTA, pH 8.0; 
100 mM NaO). The cell suspension (.25 mL) 
was removed and added to 10 mL of a solution 
of .01 M Tris-HCl (pH 7.4), .01 M NaO, and 
.0015 M Mg02. The mixtures were gently 
swirled and immediately centrifuged for 5 min at 
500 x g. The cells were resuspended in 1 mL of 
sterile lOX. Tris-EDTA buffer; 9 mL of lysis 
buffer containing .6 mL of 10% SDS per sample 
and .1 mL of ribonuclease A in distilled H20 
was added. The samples were incubated at 37 C 
for 1 h. Proteinase K was added to a final 
concentration of 500 J.Lg/mL and incubation was 
continued at 37 C overnight. Samples were 
extracted once with Tris-saturated phenol, two 
or three times with phenol-chloroform-isoamyl 
40ncor, Inc., Gaithersburg, MD 20760. 
5Centre National de Ia Rechen:he Scientifique, Nogent-
sur-Marne, France. 
~ia, Piscataway, NJ 088S4. 
7Betbesda Research Labs, Bethesda, MD 20014. 
8Promega Corp., Madison, WI 53700. 
alcohol (25:24:1), and once with chloroform-
isoamyl alcohol (24:1) (Maniatis et al., 1982). 
The DNA was ethanol-precipitated by adding .1 
volume of 2M sodium acetate (pH 5.2) and 2.5 
volumes of 95% ethanol at -20 C to the aqueous 
phase. The samples were allowed to precipitate 
overnight at -20 C. The DNA was spooled onto 
sterile ice-cold glass rods, dried 20 to 30 min, 
then dissolved in deionized water at 4 C for 4 to 
7 days. Yields were 100 to 300 J.Lg of DNA per 
sample with A 260!280 ratios of 1.75 to 1.88. 
Chicken Deoxyribonucleic Acid Probes 
Chicken MHC probes used in this study were 
generously provided by C. Auffray.5 The 
chicken Oass IT (B-Lf}) probe, designated p234, 
was prepared by screening a chicken genomic 
library with a human DQP probe at low 
stringency (Behar et al., 1988; Bourlet et al., 
1988). This ~ chain probe consists of 234 base 
pairs and encodes most of the f3z exon of a 
chicken Class IT(} gene and does not include any 
intron sequences. The p234 probe was cloned 
into the Pstl site of the pUC9 vector. The 
chicken Oass I (B-F) probe, designated FlO, 
was isolated from a B12 haplotype chicken liver 
eDNA library and has been sequenced (Guille-
mot et al., 1988). It shows significant similarity 
to a human MHC Class I gene. The FlO probe 
insert consists of 1,284 base pairs and is carried 
in the EcoRI site of pUC18. Both probes were 
used as isolated inserts and 100 to 500 ng were 
labelled with 32p by using an oligolabeling kit6 
and allowing the reaction to proceed at room 
temperature overnight. Specific activities were 
in the range of 5.0 x lOS to 2.5 x 109 cpm per J.Lg. 
Deoxyribonucleic Acid Digestion, 
Electrophoresis, and Hybridization 
The chicken red blood cell DNA samples (10 
J.Lg) were digested with one of the restriction 
endonucleases, Hindl.ll, Pvull, 7 EcoRI, Bglll, or 
BamlH, 8 by using 8 U/J.Lg of DNA for 2.5 hat 37 
C with occasional mixing. The enzymes were 
chosen because of availability, economy, and 
previous usage. The digests were ethanol-
precipitated, redissolved, and electrophoresed in 
.8% agarose gels at 30 mi11iA of constant current 
for 18 h (Hindlll, PvuiT, EcoRI, Bgm digests) or 
45 h (Bam.HI digests). The gels were subjected 
to Southern blotting (Maniatis et al., 1982) after 
denaturation and neutralization. After transfer of 
the DNA to nitrocellulose, the filters were baked 
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1198 LAMONT E1' AL. 
at 80 C for 2 h under a vacuum (25 pounds per 
square inch or 1,757.7 g per cm2). Blots were 
prehybridized at 42 C for 6 h with prehybridiza-
tion fluid [5 mL of 12x SSC (Saline-sodium 
citrate: .3 MNaa, .03 M sodium citrate) in .1M 
Na3P04, 8 mM EDTA, pH 7.0; 5 mL of 
deionized formamide; 1 mL of lOx prehybridi-
zation solution (6x SSC in .1 MNa:P'04, 8 mM 
EDTA, pH 7.0, 2% polyvinylpyrrolidone, 2% 
Ficoll400, 10% SDS, .5 mg!mL poly A); 100 J.1L 
of 10 mg!mL denatured salmon sperm DNA]. 
After prehybridization, filters were rinsed with 
prehybridization fluid without the salmon sperm 
DNA and were hybridized with a 32P-labeled 
probe (50 to 120 ng DNA per 7 to 8 mL of 
hybridization fluid). Hybridization was done at 
42 C for 18 h with continuous shaking. The 
filters were removed from the hybridization 
fluid, washed four times; 5 min each in 2x sse. 
.1% SDS, at room temperature with constant 
shaking, followed by two 15-min washes in .1x 
SSC, .1% SDS at 60 C with constant shaking. 
The filters were air-dried and subjected to 
autoradiography at -70 C by using intensifying 
screens and X-ray film. 
RESULTS 
Molecular Genotyping with the B-L Probe 
Chicken genomic DNA digested with Hindill. 
or EcoRI and hybridized with the B-L probe, 
p234, showed no polymorphisms (data not 
shown). There were three and two major bands, 
respectively, with Hindill. and EcoRI. Genomic 
DNA digested with Pvun, Bgill, or Bamlll did 
show RFLP (data for Pvun and Bgill shown in 
Figure 1 ). The chicken lines that shared RFLP 
patterns were clustered differently, depending 
upon the probe and restriction enzyme used 
(Table 1 ). Within all lines except one, the three 
DNA samples taken from different individuals 
of each line gave identical RFLP patterns. 
Possible reasons for the aberrant patterns of Line 
15.151-Bs (Lanes 1 to 3 of Figures 1 and 2) are 
given in the discussion and this line is not 
included further in the results section. All 
chicken lines displayed four Pvun bands, with 
one band being polymorphic (Figure la). All 
chicken lines displayed three Bgill bands 
(Figure 1 b), one of which was polymorphic, 
except for Line 15.N-B21, which had only two 
bands (Lanes 7 to 9). Digestion with Bamlll 
yielded three (for Lines 15.N-B21, 15.P-B19, and 
15.C-B12) or four bands in which the three-band 
pattern was monomorphic. There were two, 
three, and three different patterns seen for Pvull, 
Bgill, and Bamlll digests, respectively (Table 
1), of 15IsB-congenic line DNA. 
Molecular Genotyping with the B-F Probe 
Chicken genomic DNA was digested with 
either Pvun or Bgm and hybridized with theB-F 
probe FlO (Figure 2). Four strongly hybridizing 
monomorphic bands and several very weakly 
hybridizing bands were seen after Pvun diges-
tion of DNA from all chicken lines (Figure 2a) 
except the background Line 1515 (B15), which 
lacked the highest molecular weight band 
(Lanes 13 to 15). Digestion with Bgill (Figure 
2b) yielded 4 or 5 strongly hybridizing bands 
(four of which were monomorphic) and two 
weakly hybridizing monomorphic bands. There 
were two and three different patterns seen for 
Pvun and Bgill digests, respectively (Table 1). 
DISCUSSION 
The present study examined the B-F and B-
L subregions of eight 15Is B-congenic lines of 
chickens by using RFLP analysis. Seven 
different serologically identified B haplotypes 
were represented; several of them were derived 
from the reference populations used to stan-
dardize B system nomenclature based upon 
serological reactivity (Briles and Briles, 1982). 
This study gave the opportunity to compare 
Classes I and ll molecular genotyping of these 
lines with the previous serological definition of 
Class N or Class I antigens, or both (Briles et 
al., 1982) as well as with the recent molecular 
genotyping of Oass N genes in these lines 
(Miller et al., 1988). Table 1 summarizes the 
RFLP patterns generated by hybridizing 15I5 
B-congenic DNA with B-G, B-F, and B-L 
probes. Also, the RFLP patterns can be 
compared with known characteristics of im-
munoresponsiveness in these lines. 
Miller et al. (1988) found that each 
haplotype of 15I5 B-congenic chickens could 
readily be distinguished in B-G probe hybridi-
zations with DNA digested by Pvull. This was 
not so in the present study of B-F and B-L 
subregions. Digestion with Pvun yielded only 
two different RFLP patterns each forB-Land 
B-F genes among the eight 15I5 B-congenic 
lines (Table 1). The clustering of chicken lines 
with identical patterns was unique for Pvull 
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FIGURE 1. Southern blot analysis of chicken genomic DNA digested with a) Pvull or b) Bgm enzyme and probed with a 
B-L probe. Haplotypes are: Lanes I to 3) 15.15I-B5; 4 to 6) 15.7-B2; 7 to 9) 15.N-B21; 10 to 12) 
15.6-B2; 13 to 15) 15Is-B15; 16 to 18) 15.P-B19; 19 to 21) 15.P-B13; 22 to 24) 15.C-B12. Size markers are indicated in 
kilobases (kb). 
restriction digests probed with B-L versus B-F 
probes. All lines shared the same B-F PvuiT 
pattern, except for Line 1515. For the B-L 
PvuiT blots, Lines 1515, 15.6-B2, 15.7-B2, 
15.C-B12, and 15.P-B19 shared one pattern, and 
Lines 15.151-B5, 15.P-B13, and 15.N-B21 
shared another pattern. 
The combination of the B-L RFLP patterns 
generated by enzymes (Pvuii, BamHI, Bglll) 
that yielded polymorphisms did uniquely iden-
tify each haplotype, except for failing to 
differentiate between 15.C-B12 and 15.P-B19 
and between 15.151-Bs and 15.P-B13_ The 
15.151-B5 and 15.P-B13 lines do have recipro-
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FIGURE 2. Southern blot analysis of chicken genomic DNA digested with a) PvuU or b) Bgm enzyme and probed with a 
B-F probe. Haplotypes are: Lanes 1 to 3) 15.15I-B5; 4 to 6) 15.7-82; 7 to 9) 15.N-B21; 10 to 12) 
15.6-B2; 13 to 15) 15Is-B15; 16 to 18) 15.P-B19; 19 to 21) 15 .P-Bl3; 22 to 24) 15.C-B12. Size markers are indicated in 
kilobases (kb). 
cal responses in MLR (Bacon, 1987) and are 
expected to differ for B-L/B-F genes, but these 
differences were not detected in this study. 
This inability to differentiate B12 and B19 
haplotypes by RFLP analysis of Class II genes 
is in agreement with an earlier study that 
utilized a human Class II DR~ probe (Anders-
son et al., 1987). Also, cells from 
15.C-B12 and 15.P-B19 chickens have failed to 
respond significantly in mixed lymphocyte 
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MOLECULAR TYPING OF MAJOR IHSTOCOMPATIBILITY COMPLEX 1201 
reactions (MLR), in contrast to most other 1515 
B-congenic combinations (Bacon et al., 1987), 
suggesting some identity in Class ll genes. Use 
of a chicken B-F probe on Bgm digests did, 
however, distinguish Bl2 and B19, indicating 
that these haplotypes have different Class I 
genes (Table 1 ). 
The level of DNA polymorphisms detected 
by B-F and B-L RFLP analysis in the present 
study was less than that detected by previous 
serological typing or B-G RFLP analysis of 
these lines. The lower level of MHC polymor-
phisms of Class I and Class ll genes as 
compared with Class IV genes may be due to 
any of several reasons. The technique of RFLP 
analysis may not have given complete infor-
mation about the extent of genetic variation 
present. A relatively small number of restric-
tion enzymes was used, and perhaps these 
were not sufficient to reveal the total genetic 
variation present. The RFLP technique does 
not give information about the DNA sequences 
within the restriction fragments, except for 
their size and the fact that the specific 
nucleotide sequence recognized by the particu-
lar enzyme is not present. Thus, genetic 
variation within the fragments would be 
undetected. The probes themselves recognize a 
relatively small segment of DNA. Perhaps 
genetic variation exists in the MHC genes not 
hybridizing with these probes, such as the class 
n a-chain genes. Alternatively, these lines 
actually may be less heterogeneous in their 
Oass I and Class ll genes than in their Oass 
IV genes. 
The Oass I and ll RFLP patterns generated 
by each of the three samples from individuals 
within a congenic line were identical with one 
exception. This identity of RFLP patterns 
within congenic lines confirms the homozy-
gosity which was predicted by the serological 
typing and Class IV RFLP analysis of these 
lines. The one exception was in the 
15.15J-B5 line (Lanes 1 to 3). Subsequent 
reanalysis by serological typing revealed that 
the source of DNA in Lane 1 was actually 
misclassified and was really from a 
15.7-B2 bird. The patterns do conform exactly 
to those expected from the B2 haplotype. 
Based upon band size and number, the patterns 
shown in Lane 2 seem to represent a B 
heterozygote or perhaps a gene duplication 
event. The male providing this DNA was dead 
when the RFLP data were obtained, however, 
serologic and genetic analysis of progeny 
suggested that the male in question was indeed 
B5B15, in agreement with the RFLP data. The 
value of applying DNA analysis, in addition to 
serological analysis, to a population is illus-
trated by these examples. The RFLP patterns 
highlighted genetic aberrations from the ex-
pected homozygosity within a line that was 
developed primarily based upon serological 
characterization. 
It is not presently known which RFLP 
band( s) are associated with expressed genes. In 
mammals, generally two or three Class np- or 
Class lla-MHC genes are expressed. Although 
the unexpressed genes may recombine to 
generate new diversity, it is anticipated that 
resistance to disease will be correlated with 
expressed genes. Therefore, the value of 
associating specific RFLP bands with disease 
resistance will likely be enhanced once it is 
known which of the described bands represent 
expressed genes. 
With the current availability of molecular 
probes for the chicken MHC, standard nomen-
clature should be defined for RFLP band 
patterns of each haplotype, as was previously 
done for serological analysis (Briles and 
Briles, 1982). This should be done by using 
haplotypes derived from the same reference 
populations that were used to establish sero-
logical B nomenclature. The haplotypes must 
be defined for each subregion of the MHC. 
Studies such as the present one, that utilize 
haplotypes from the reference populations, can 
serve as a standard for the RFLP definition of 
these haplotypes. The applicability of this 
approach in partially inbred populations has 
already been demonstrated (Pitcovski et al., 
1989), and therefore, it is expected that this 
approach may also be feasible for populations 
that are not inbred. 
The RFLP patterns generated in this study 
can be compared with published patterns 
produced by the same probes hybridized with 
DNA isolated from other lines. The p234 B-L 
probe and the FlO B-F probe have also been 
used to analyze the Bl2 and .B4 haplotypes of 
the inbred congenic CB and CC lines, respec-
tively (Hala et al., 1988), and in another stud~, 
those same haplotypes plus the Bl3 and B 1 
haplotypes from the G-Bl line and N strain, 
respectively (Chausse et al., 1989). The B12 
haplotype of the present study, derived from 
the Reaseheath C line, showed four strongly 
hybridizing bands after Pvull digestion and 
hybridization with the B-L probe, p234. In 
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1202 LAMONT E1' AL. 
contrast, the B-L probe, pl4, a 3.2 kilobase 
genomic fragment of which p234 is a sub-
clone, produced 6 Pvull bands with the CB 
line Bf2 haplotype (Hala et al., 1988). The 
same p14 probe yielded 9 Pvull bands with 
B12 haplotype DNA of the HN inbred line 
(Lamont et al., 1987). The pl4 probe may 
actually be hybridizing to both B-L and B-F 
gene sequences because recent sequence data 
indicate an extremely close linkage of Oass 
ll~ and Class I genes (Guillemot et al., 1988). 
This may account for the greater number of 
bands usually seen with use of the p14 probe 
compared to the p234 probe. 
The B13 and B21 haplotypes, which have 
been characterized for susceptibility and resis-
tance, respectively, to MD, were analyzed in 
the present study and in a study by Chausse et 
al. (1989). The original source of B21 in both 
cases was the Cornell N line. The source of 
B13 for the present work was the Cornell P 
line, but Chausse et al. (1989) utilized the G-
B 1 line, which was inbred from a line 
originally obtained by ISU from a commercial 
poultry breeder. Thus, the genetic source of the 
B13 haplotype differed between the two 
studies. Hybridization of HindiD. digests with 
the B-L ffobe, p234, revealed no RFLP 
between B 3 and B21 (or any other haplotype) 
in the present study, but yielded three poly-
morphic bands in the Chausse et al. (1989) 
study. Digestion with Pvull produced no 
polymorphic B-L bands between B13 and B21 
in the present study, and only one individual 
bird showed polymorphisms in the Chausse et 
al. (1989) study. The present investigation 
showed one polymorphic B-L band between 
B13 and B21 upon digestion of DNA with 
BamHI; the Chausse et al. (1989) study 
showed several. After hybridization with the 
B-F probe, FlO, the present investigation 
showed four strongly hybridizing Pvull bands 
and many weakly hybridizing Pvull bands and 
no RFLP between B13 and B21. The study by 
Chausse et al. (1989) indicated polymorphisms 
of several weakly hybridizing bands. The 
source of variation in the total number of 
bands and number of polymorphic bands, 
identified between B13 DNA, in the two 
studies is not known. The different genetic 
origin of the B13 haplotype may have contri-
buted to this variation. Also of possible 
relevance is that the lines have been routinely 
selected and monitored for serological charac-
teristics and that differences in Class I and 
Class II genes, particularly B-L, may have 
gone undetected. Comparisons between results 
of different laboratories for RFLP associations 
with B haplotype differences in disease resis-
tance may aid in identifying particular DNA 
fragments essential in disease resistance. 
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